A major problem encountered in studies of income inequality at regional and global levels is the estimation of income distributions from data that are in a summary form.
Introduction
In the current climate of increasing globalization and a push for free trade among nations, there is concern that increasing globalization may lead to increasing inequality, and that increasing global inequality may mean the unsustainability of the current international order. Central to the ongoing debate about globalization are the problem of measuring the extent of economic inequality and the need to be able to meaningfully compare inequality across countries, regions and time periods. Unless we can measure well and compare well, we cannot easily evaluate whether various policy initiatives that move towards greater globalization, or have other related impacts, are increasing or reducing inequality. The current literature on the subject (Chotikapanich et al, 1997; Bourguignon and Morrisson, 1999; Dowrick and Akmal, 2001; Milanovic, 2002a Milanovic, , 2002b Sala-i-Martin, 2002a Bhalla, 2002; Quah, 1999 Quah, , 2002 shows varying results in terms of the levels and trends of inequality. In general, results appear to be sensitive to the measures of income, inequality data and the methodology used in studying regional and global inequality.
A crucial component of the estimation of global inequality is the intra-country inequality measurement for all the countries included in the study. Much of the earlier work in the area of global inequality, due to Theil (1989) , was focused on intercountry inequality and ignored inequality within each country. In recent years it has become common to use global inequality measures that incorporate measures of inequality within each country. Typically, when using data for cross-country and regional comparisons, limited information is available on the level of inequality within each country. Most available data are either in the form of some measure of inequality such as the Gini coefficient or in the form of income shares of quintile or decile groups. Chotikapanich, Valenzuela and Rao (1997) use information on Gini coefficients -their work was based on the assumption that the income distribution in each country follows a lognormal distribution. More recent work by Milanovic (2002a) , Sala-i-Martin (2002a and and Dowrick and Akmal (2001) makes use of income share data for deciles and quintiles of each country's population, with Deininger and Squire (1996) being the primary source of data. An important consideration when using decile or quintile share data is the treatment of inequality within each population (e.g., decile) group. In some studies there is an implied assumption that there is no within-group inequality and each individual in an income group receives the same income. In other studies kernel smoothing has been used. Sala-i-Martin (2002a and uses kernel smoothing methods to derive the distribution of income within each country and both Milanovic (2002a) and Sala-i-Martin (2002a and use kernel smoothing techniques to derive the global distribution of income. This approach is also employed in the more recent work of Dowrick et al (2004) where global poverty estimates are computed from national and global income distributions derived using kernel smoothing.
In a recent critique of Sala-i-Martin (2002b), Milanovic (2002b) demonstrates the sensitivity of the estimates of levels of and trends in global income distribution to the methodology used. He demonstrates, using a simulated example, that use of kernel smoothing to derive country-specific income distributions from quintile share data can produce strange outcomes. Milanovic also provides evidence that global income distributions and measures appear to be sensitive to the choice of methodology used to analyze intra-country inequality when using limited data. An alternative assumption of equal distribution of income within each income quintile or decile is equally untenable when income distributions are known to be highly skewed.
There is a general recognition that estimates of global income inequality and its underlying distribution would be vastly improved if country-specific income distributions could be modelled adequately. The main constraint to this endeavour is the limited nature of data available. We are typically faced with a problem of using decile group data, with ten pieces of information, to model more general and complex distributions than the lognormal distribution used in Chotikapanich, Valenzuela and Rao (1997) . The main objective of this paper is to describe a method for estimating the parameters of a relatively flexible form of income distribution using a limited amount of data. The success and effectiveness of the proposed methodology is assessed by applying goodness-of-fit criteria to the fitted income distribution. We establish the feasibility and usefulness of estimating a beta-2 distribution (McDonald, 1984) , a distribution that is known to be flexible in modelling a variety of income distributions and known to fit income distributions well.
Given a parametric description of the distribution of income in each country, we show how global and regional distributions can be studied in detail by considering them as a mixture of the country-specific distributions with population shares as weights. Methods for measuring regional inequality and its decomposition from the mixture distribution are also outlined. The empirical example in the paper should be regarded as illustrative in nature, designed to demonstrate the feasibility of the proposed method. The data used are those compiled and used by Milanovic (2002a) ; they comprise mean income for each of a number of population groups ordered from poorest to richest. The proposed methodology is illustrated using data from eight selected East Asian countries: Hong Kong, Japan, Malaysia, Philippines, Singapore, Korea, Taiwan and Thailand. We fit a beta-2 distribution for each country and compute a regional income distribution as a weighted average of the country-specific income distributions. This procedure is applied to data for two years, 1988 and 1993.
The adequacy of the beta distribution is assessed through a comparison of predicted and actual income shares and Gini coefficients.
An outline of the paper is as follows. In Section 2 we describe the basic data and their sources. The methodology used to estimate the parameters of the income distribution of a given country, assuming that it follows a beta-2 distribution, is discussed in Section 3. An analytical framework to study regional inequality as a mixture of the country-specific distributions is also outlined. In Section 4 we present empirical results from application of the methodology to the eight selected countries
The results show that inequality within countries increased over the period 1988 to 1993, but inequality within the region comprised by those countries did not change.
Concluding remarks and some possible areas for further research are provided in Section 5.
Description of Data and Sources
Compilation of data on income distributions from a large set of countries spanning a long period is a major research problem. Fortunately, the World Bank has long been a major provider of income-distribution data for the purpose of crosscountry research. Recent work by Milanovic (2002a) is based on a set of crosscountry data that he compiled for the World Bank. We use the same set of data. For each country class mean incomes (or expenditures) are given in local currency for a number of income classes, ranging from 10 to 20. For each income class the population share is known. Data are available for more than 100 countries for the years 1988 and 1993. The data on our selected East Asian countries come from this source with the exception of Singapore in 1988. Singapore was not included in the data set for this year and so we use ILO (1995) as an alternative source for this case.
This data set is different from the ones obtained from Milanovic (2002a) To provide an accurate assessment of the levels and trends in regional inequality, leading to a basis for informed debate on the effect of globalisation on inequality, our study should ideally cover a period of at least the last two decades. The current empirical application of the methodology has been restricted to two benchmark years, 1988 and 1993; these are the two years of focus in the study of Milanovic (2002a) . At the time of preparation of this paper, it was not possible to obtain income distribution data for the most recent years.
Estimation of Country-Specific Income Distributions
A large number of probability density functions have been suggested in the literature for modelling income distributions. See, for example, McDonald and Ransom (1979) , McDonald (1984) , McDonald and Xu (1995) , Creedy and Martin (1997) , Bandourian, McDonald and Turley (2002) and Kleiber and Kotz (2003) . The one we have chosen for our analysis is a member of the McDonald family of distributions (see McDonald and Xu 1995) known as the beta-2 distribution. This distribution has analytical properties that make it well suited to the analysis, and, as we will see, it provides a very good fit to the observed data. The estimation problem is to estimate the beta-2 parameters for each of the countries in our study when only limited grouped data are available. A similar paper by Chotikapanich, Valenzuela and Rao (1997) used a lognormal distribution to model the income distributions for each country. In this case the parameters of each lognormal distribution could be estimated relatively easily from information on the Gini coefficients and mean income for each country. The beta-2 distribution is a more flexible distribution, but estimating its parameters is more difficult, particularly when only grouped data are available and the class limits of the groups are not. In Section 3.1 we describe the beta-2 distribution and its characteristics. In Section 3.2 a method for estimating its parameters, and the class limits of the grouped data, is outlined. Methods for combining the country-specific income distributions and exploring the characteristics of the resulting regional income distribution are given in Section 3.3.
The beta-2 income distribution
The beta-2 distribution whose parameters b p and q we wish to estimate has probability density function (pdf) 1 ( )
For the mode of to be nonzero we require ; for the mean to exist is required.
Its corresponding cumulative distribution function (cdf) is given by ( )
The function ( , ) t B p q is the cdf for the normalized beta distribution defined on the (0,1) interval. It is a convenient representation because it is commonly included as a readily-computed function in statistical software. If T is a standard beta random variable defined on the interval (0, 1), then the relationship between T and Y is
The mean, mode and variance of Y are given by
The estimation procedure that we describe in Section 3.2 requires starting values for . It is often easier to suggest reasonable starting values for . In this case corresponding values for can be found from the results:
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For future reference we note that the Gini coefficient is given by
Method of estimation of parameters of beta-2 distribution
Suppose we have N income classes , with and . Let the mean class incomes for each of the N classes be given by 
In terms of the beta distribution function, these equations can be written as
where ( ) where is a beta pdf with parameters ( ,
To set up a framework for estimation we write
and
and let be dummy variables with having unity in the i-th position and zeros elsewhere. Note that and are scalars and (8) and (9) can now be written as and
Initially, we estimated the class limits and beta distribution parameters by finding those values of 
It is important to get reasonable starting values. Those for were obtained by finding estimates of the mean, mode and variance and then substituting into the equations for given in (4) 
Modelling regional income distributions
After estimating the country-specific income distributions we are in a position to combine them to form a regional income distribution. Given M countries each with a beta income pdf , and population proportions ( ), 1,2, ,
pdf for the regional income distribution is given by the mixture
The regional cumulative distribution function is given by the same weighted average of the country cdf's
Regional mean income is given by
The regional cumulative income shares are given by
A regional cumulative distribution function can be graphed by using (15) to compute for a grid of values of y. A regional Lorenz curve, relating income shares to population shares, can be graphed by using (15) and (17) to compute and for a grid of values of y.
The regional Gini coefficient is given by (see, for example, Lambert (1993, p.43 
For the case where i the integral in the above equation can be written as (after some extensive algebra)
where is the Gini coefficient for the i-th country. However, a convenient analytical expression for the corresponding integral where i G i j ≠ does not appear to be available.
As an alternative, we suggest estimating the relevant integrals using a large number of draws from the various beta distributions. To describe this process, first note that
is the expectation of with respect to the pdf ( ) 
Empirical Analysis
Our presentation and discussion of the results begins in Section 4.1 with consideration of the estimated income distributions for the eight East Asian countries. Goodness-offit of the distributions is assessed in Section 4.2. Levels and trends in inequality are examined in Section 4.3. In Section 4.4 we discuss the regional income distribution and compare regional inequality over the two years. Table 1 shows the estimated parameters of the beta distributions obtained using the procedure described in Section 3.2. The estimated parameters provide meaningful income distributions, all of which are skewed and uni-modal. However, the very large values of p for Japan (and to a lesser extent Thailand in 1988) appear out of place.
Country-specific income distributions
Further investigation of Japan revealed that the EViews program used to perform the calculations took a large number of iterations to converge. Estimation of q was stable, but for p and b it was not. This instability did not appear to be a problem, however.
The parameters b and p were highly correlated and alternative pairs of (b, p) close to the convergence point led to virtually identical income distributions. For Singapore, the quite different parameter estimates in 1988 and 1993 may be explained by the different sources of data. For Thailand, the data for both years are from Milanovic, but the 1988 data are for income while the 1993 data are for expenditure. Figure 1 shows the plots of the density functions; they are consistent with general expectations. The locations of the distributions in terms of the mode and the mean appear to be ordered according to the real per capita incomes of these countries.
Also informative are the distribution functions and Lorenz curves for each country in each of the two years. To find them we select a grid of income points show the distribution functions for all the countries in the study. The Philippines, Thailand, Malaysia, Korea and Taiwan appear to be consistently ranked from the poorest to the richest. For any given income level, the Philippines has the highest proportion of people whose incomes are below that level, followed by Thailand and then the other countries. The ranking of these countries remained unaltered over the two periods. However, such a clear dominance pattern is not evident in the case of Japan, Singapore and Hong Kong -for these three countries the distribution functions cross-over at some income levels. Figures 3a and 3b depict the Lorenz curves for Japan, Singapore and Hong Kong. If interest centers on inequality only, with no concern for mean income, these figures show clear Lorenz ordering with Japan having the least inequality, followed by Singapore and Hong Kong.
Goodness-of-fit of beta distributions
It is useful to assess the goodness of fit of the beta distributions by comparing the observed income shares with the expected income shares derived using the estimated distributions. The empirical income shares are given by In addition to a comparison of the Gini coefficients, Lorenz dominance properties of the estimated income distributions for the years 1988 and 1993 are examined using a sufficient condition described in Wilfling (1996) . A distribution function is said to exhibit less inequality in the Lorenz sense than a distribution ( ) F y ( ) H y , F ≤ L H, if the Lorenz curve of F is greater than (lies above) or equal to the Lorenz curve of H. Given that the income distributions of country i and j follow a beta distribution, then a sufficient condition for the income distribution of country i to Lorenz dominate (have less inequality) than that for country j is (Wilfling 1996) The observed and estimated Gini coefficients for all countries are presented in Table 4 . Overall, the estimated Gini's are higher than the observed ones. This outcome is expected because the Gini's estimated from the beta distribution take into account the distribution of income within classes. Trends in inequality shown in Table   4 are also interesting. With the exception of Korea, inequality within each country has increased over the period 1988 to 1993. This result is consistent with the general notion that inequality may increase in countries experiencing rapid growth. The only surprising result is for Singapore where the Gini coefficient increased significantly.
However, the two coefficients may not be directly comparable because the data for the year 1993 were drawn from Milanovic (referring to income data) and the 1988 data were drawn from the ILO and refer to the expenditure distribution. The results reported for each of the countries demonstrate the feasibility of using the beta-2 distribution to model the distribution of income for the chosen Asian countries. The estimation procedure discussed in Section 3.2 provides a method for estimating the parameters of the distribution using grouped data in the form of population shares and class mean incomes. Results on the levels and trends of inequality are meaningful and support the general notion that inequality within countries increased over the period 1988 and 1993. The next Section focuses on inequality in the region as a whole.
Regional inequality
In Figure 3 the 1988 and 1993 regional income distributions appear as weighted averages of the income distributions for each country. For both years, the regional income distributions exhibit some degree of bimodality. The apparent reason for the second mode towards the right tail is the relatively large population of Japan, leading to a relatively large weight being assigned to its distribution, coupled with the fact that the modes of Japan's distributions are to the right of those for other countries. For comparative purposes, in Figure 4 we present the 1988 and 1993 regional income distributions together in one graph. There is not an obvious shift in the regional distributions.
The regional Lorenz curves for 1988 and 1933 are shown in Figure 5 . They are virtually identical. Visually, no difference can be detected from the Figure. As expected, the regional Gini coefficients calculated using equation (21) are also almost identical, being equal to 0.4818 and 0.4802 for 1988 and 1993, respectively.
Conclusions
The main objective of the paper is to suggest improvements to current approaches used for estimating global and regional inequality. We employ an income distribution specification that is more general than the lognormal distribution that has been used in past research, and, at the same time, we relax the assumption of a uniform distribution of income within (quintile and decile) groups of population. Also, we describe a technique for estimating the parameters of the beta-2 distribution when only limited data in the form of population shares and class mean incomes for groups of the population are available. The empirical illustration comprises eight East Asian countries with income distribution data are for the years 1988 and 1993. The empirical results demonstrate the feasibility of the technique and the goodness-of-fit results support its usefulness. The paper also focuses on the derivation of regional income distributions using country-specific distributions. Properties of the regional distribution are examined by expressing the distribution as a mixture of the income distributions of each country. Levels and trends in inequality in these countries and Based on the technique developed here, the next step is to employ the methodology on a larger scale to derive improved estimates of inequality for the world, and for more recent years for which data may become available. Further research will also focus on the derivation of analytical properties of the mixture distribution used for purposes of studying regional inequality. Readers may only download, print and save electronic copies of whole works for their own personal non-commercial use. Any use that exceeds these limits requires permission from the copyright owner. Attribution is essential when quoting or paraphrasing from these works.
